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Winery wastewater contains high levels of elements such as sodium, phosphorus, potassium, as well as 
chemical oxygen demand, sodium adsorption ratio and pH. This may raise concerns regarding the pollution 
of the surrounding environment. Environmentally friendly methods such as recycling, i.e. treatment and 
re-use, where treated or partially treated and diluted wastewater is used for irrigation of agricultural crops, 
are essential. Irrigation with winery wastewater, which is rich in nutrients, can be beneficial to overall soil 
fertility as an alternative to conventional fertilizers. However, long-term applications of wastewater may 
have a negative effect on soil physicochemical properties. A selection of crops with nutrient interception 
abilities, preferably for salts, may be ideal for the removal of excess elements from the soil whilst reducing 
leaching and excess run off. The use of perennial grasses, annual winter growing grains and winter growing 
broadleaf nitrogen-fixing annuals as winter cover crops in the South African wine industry has been 
extensively documented but their use as summer catch crops intercepting elements applied via wastewater 
irrigation has not yet been well researched. 
INTRODUCTION
Winery waste production: A South African perspective
Increased wine production in South Africa has elevated the 
pressure of the wine industry on natural resources such as 
water, soil and vegetation, including through the production 
of winery wastewater (Mulidzi et al., 2016). Local wine 
cellars are estimated to generate between 2 190 million and 
15 330 million L of wastewater per annum (Fourie et al., 
2015). Winery wastewater is regarded as the most significant 
environmental risk at wineries (Van Schoor, 2000). 
Winery wastewater composition
Winery wastewater contains high levels of elements such as 
potassium (K), sodium (Na) and phosphorous (P) (Laurenson 
& Houlbrooke, 2011; Sheridan et al., 2011; Conradie et al., 
2013). It can also have a high chemical oxygen demand 
(COD), sodium adsorption ratio (SAR) and pH, which 
may raise concerns about the pollution of the surrounding 
environment, especially if the wastewater is not treated 
correctly (Conradie et al., 2013). Wastewater can also have a 
high organic content, low pH as well as variable salinity and 
nutrient levels, all of which indicate that the wastewater has 
the potential to pose an environmental threat (Mosse et al., 
2011; Laurenson et al., 2012). 
Wastewater management in wineries
Revised general authorizations promulgated in 2013 (DWA, 
2013) stipulate that the disposal of wastewater should 
be subjected to the requirements of the National Water 
Act (1998). This means that winery wastewater cannot be 
discharged into natural water sources without extensive 
treatment. The legislation allows for disposal via irrigation 
if there is continuous monitoring of the wastewater quality 
(Sheridan et al., 2011). Approximately 95% of South African 
wineries would either irrigate winery wastewater onto 
pastures, place it in evaporation dams or drain it into the 
nearest river after treatment (Van Schoor & Rossouw, 2004). 
The use of treated or partially treated effluent for irrigation 
of agricultural crops is an alternative to discharging it 
into fresh water ecosystems (Mulidzi, 2001; Van Schoor, 
2005). However, long-term application may alter the 
physicochemical properties of the soil (Arienzo et al., 2009), 
and should therefore be monitored.
EFFECTS OF WINERY WASTEWATER ON SOIL AND 
CROPS
Effect of winery wastewater on soil
The negative impacts associated with untreated wastewater 
used for irrigation are well documented (Mulidzi, 2001; 
Laurenson et al., 2012; Mulidzi et al., 2016). The risk of 
direct contamination of the soil associated with wastewater 
application is dependent on the transport mechanism of 
water and, therefore, solutes and suspended solids in the 
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water. A high COD is indicative of a high pollution level, 
which inevitably results in a depletion of water or soil 
oxygen that leads to, among others, root growth inhibition 
and the potential production of malodorous compounds 
(Van Schoor, 2005). Where four differently textured clay 
soils were irrigated with winery wastewater diluted to 3000 
mg/L COD, soils with a clay content of 20% showed an 
increase in K compared to the soils with less than 13% clay 
(Mulidzi et al., 2016). Similarly, soils with a higher clay 
content tended to retain a higher amount of exchangeable 
K than soils with a lower clay content after irrigation with 
winery wastewater (Arienzo et al., 2009). There was an 
increase in soil pH(KCl) for all four soils, irrespective of clay 
content (Mulidzi et al., 2016). The increase in soil pH(KCl) 
was attributed to the addition of bicarbonate salts and other 
organic anions, which entered the soil via irrigation with 
diluted winery wastewater. 
High levels of Na present in winery wastewater affects 
the permeability of soil and may cause infiltration problems 
(Van Schoor, 2001). This is due to Na, present in an 
exchangeable form in the soil, replacing calcium (Ca) and 
magnesium (Mg) on the soil clays, thereby causing dispersion 
of particles. This affects the soil structure, reducing soil 
macro-porosity, soil aeration, available soil water and results 
in a reduction in soil permeability. Additional problems 
that crops may experience due to an excess of Na include, 
but are not limited to, the formation of crusting seed beds, 
temporary saturation of the surface soil and high pH (Van 
Schoor, 2005). Exchangeable Na in heavier soils was double 
that of sandy soils where four differently textured soils were 
irrigated with winery water diluted to 3000 mg/L COD 
(Mulidzi et al., 2016). This reaffirmed the knowledge that 
Na accumulation will be less in sandy soils.
Soils with pH(KCl) less than 6 should have exchangeable K 
(Kex) saturation of 4% to maintain optimal grapevine growth 
(Conradie, 1994). Furthermore, soils with Kex above 4% are 
more likely to accumulate K, resulting in poor wine colour. 
Irrigating soils with K-rich wastewater may be beneficial to 
those soils that have a low K concentration, as this can be an 
alternative to conventional fertilizers (Myburgh & Howell, 
2014a). Although the addition of K may improve overall soil 
fertility, continuous application of K-based wastewater to 
soils displaying elevated K levels (prior to irrigation with 
wastewater) may be negative, as long-term application may 
alter the physiochemical properties of the soil (Arienzo 
et al., 2009).
There are three primary mechanisms for the transport of 
water (containing solutes & suspended solids) through the 
soil, namely matrix flow, preferential flow and overland flow 
(Houlbrooke et al., 2011). Preferential and overland flows 
provide little soil contact time and thus minimal opportunity 
for the attenuation of applied contaminants such as nitrogen 
(N) and P. Ammonia (NH3), Ca, Mg and K are soil elements 
essential to plant growth, whereas Na, aluminium (Al) and 
hydrogen (H) are not essential for plant growth, but have 
an effect on soil pH (McClellan et al., 2009). Roots should 
be in contact with nutrients in the soil for nutrient uptake to 
occur (Wang et al., 2006) and this can occur in three ways, 
namely root interception, mass flow and diffusion. In root 
interception, there is physical contact between the nutrient 
and root surfaces, therefore nutrient uptake will increase 
with an increase in root surface area and mass. In mass flow, 
nutrients are transported by the movement of water in soil 
and this is therefore affected by water flow rate. Therefore 
there will be a decrease in mass flow when the soil becomes 
drier. In diffusion, there is a movement of nutrients across 
a concentration gradient and this process depends on the 
concentration of the nutrients in soil solution. 
Effect of winery wastewater on crops
Phytoremediation is a technology that utilizes higher 
plants for the clean-up of contaminated environments 
(Paz-Alberto & Sigua, 2013) such as soils, water or air. 
Desirable characteristics for these plant species are fast 
growth, high biomass, extended root system for exploring 
large soil volumes, high tolerance to metal in plant tissue, 
high translocation factor, the ability to adapt to specific 
environments and easy management (Paz-Alberto & Sigua, 
2013). Previous studies with winery wastewater treatment 
systems have included the removal of nutrients by plants like 
kikuyu (Pennisetum purpureum), lucerne (Medicago sativa) 
and flanker grass/Italian ryegrass (Lolium multiforum), 
saltbush (Atriplex spp), wetland plants and certain cover 
crops (Zingelwa, 2004; Zingelwa & Wooldridge, 2009; 
Zingelwa & Wooldridge, 2010). Due to the interception 
ability of some cover crops, they may also be ideal for the 
removal of excess nutrients from the soil, whilst reducing 
leaching and excess run-off (Fourie et al., 2015).
According to Pederson et al. (2002), Avena sativa L. 
(oats) has the potential to be used as a catch crop, with hay 
production and sale off-farm as a viable method for removing 
excess nutrients. Pennisetum glaucum L. (pearl millet) is 
also widely used as fodder in developing countries and is 
a summer crop that requires little irrigation due to a short 
growing season (Blümmel et al., 2003; Khan et al., 2012). 
Pearl millet, which is considered to be fairly saline tolerant 
(Krishnamurthy et al., 2007), has reduced N content in the 
shoots and an increase in the K and Na content under saline 
conditions (Fourie et al., 2015 and references therein). The 
negative effect of high levels of Na in irrigation water on the 
growth of pearl millet could be restored partially (Albassam, 
2001) by the application of N as cover crops have the ability 
to add or conserve soil N (Fourie et al., 2007a; Fourie et al., 
2007b; Fourie, 2012; Aronsson et al., 2015; Aronsson et al., 
2016). 
COVER CROP SELECTION
Factors to consider when selecting cover crops as catch 
crops
In agriculture, a catch crop is defined as a crop that is grown 
between successive plantings of a main crop. For example, in 
the case of vineyards, the grapevines would be the main crop. 
Cover or catch crops are used for reducing nutrient leaching, 
transferring N to the next main crop, increasing biodiversity 
and maintaining or improving soil structure (Peltonen-Sainio 
et al., 2014). Catch crops are popular in forage studies. 
Catch crops should be able to be used as fodder crops in 
grazing lands (Meisinger et al., 1991). If these catch crops 
are harvested for fodder, they can be considered as another 
production system and therefore the related burdens are 
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charged to the harvested fodder (Nemecek & Galliard, 2010). 
Due to the current water scarcity in South Africa, 
using winery wastewater for irrigation of fodder producing 
annuals in vineyards and on open land could be economically 
viable to producers. However, it is not known whether this 
would be possible without compromising the environment 
(Tesfamariam et al., 2013). In a field study where 
Pennisetum glaucum L. cv. Babala (Pearl millet) and Avena 
sativa cv. Pallinup (Pallinup oats) were used as catch crops 
in a vineyard irrigated with diluted winery wastewater, pearl 
millet intercepted substantial amounts of K (Fourie et al., 
2015). This is also attributed to the vigorous growth of the 
crop. Amounts of Na taken up by the pearl millet were low. 
Using pearl millet and Pallinup oats to intercept the elements 
deposited via the diluted winery wastewater resulted in more 
N, K, P, Mg and Ca being removed from the soil than was 
applied by means of the wastewater and fertiliser. Certain 
cover crops flourish under these conditions, finding the 
effluent water to be a rich source of nutrients (Karpiscak et al., 
1996). Therefore, different catch crops and catch crop/cover 
crop combinations need to be evaluated to determine which 
would be best at intercepting K and Na, whilst improving the 
N deficit created in the process.
The use of perennial grasses, annual winter growing 
grains and winter growing broadleaf N-fixing annuals as 
cover crops as an effective vineyard floor management 
practice has been well documented in the wine producing 
areas of South Africa (Fourie et al., 2001; Fourie et al., 
2005; Fourie et al., 2006; Fourie et al. 2007a; Fourie, 2011). 
Cover crops improve grapevine performance compared to 
other soil management practices (Fourie et al., 2006; Fourie 
et al., 2007c; Fourie, 2011). Due to the interception ability of 
certain winter growing annual cover crops, such as Pallinup 
oats (Fourie et al., 2015), cover crops could be utilized in a 
cropping system to absorb and recycle soil nutrients such as 
K.
Annual grasses
Pennisetum glaucum (Pearl millet)
Pearl millet is a tall, warm season annual grass belonging to 
the family Poaceae. Production of pearl millet by smallholder 
farmers is still at subsistence level and it is consumed as a 
staple food or processed into a beverage in most areas. It has 
gained ground as a competitive forage crop by commercial 
dairy farmers (Abd El-Lattief, 2011). There are no available 
records with regard to the size of land currently under 
production and the quantities produced in South Africa, 
although it is also grown commercially (DAFF, 2011).
As an annual, it has a short growing season and therefore 
does not require a lot of irrigation, making it an important 
summer cereal crop in a developing country such as South 
Africa (Blümmel et al., 2003; Khan et al., 2012). Pearl millet 
thrives in well-drained loam soils. However, its performance 
is diminished in clay soils and it can’t tolerate waterlogged 
environments. Pearl millet uses relatively low amounts of 
water per unit of forage production and tolerates both lower 
and higher soil pH (Harinayarana et al., 2005). As a fodder 
crop with an average production of 433 bales per hectare 
when irrigated with winery wastewater, pearl millet has 
the potential to generate an income of R45 per bale, which 
would amount to R19 485 per ha under the prevailing 
conditions (Fourie et al., 2015). A pearl millet catch crop in 
summer, followed by Pallinup oats in winter in a vineyard 
near Rawsonville resulted in additional N, P, K, Mg and Ca 
being removed from the soil, whereas the concentrations 
of Na removed, remained negligible. Similarly, effluent 
was used efficiently for the commercial production of pearl 
millet, where effluent irrigation improved plant growth and 
yield (Khan et al., 2012).
Pearl millet irrigated with winery wastewater diluted to 
a COD level of 1500 to 2500 mg/L could be a sustainable 
fodder crop, as the diluted winery wastewater did not affect 
the above-ground N, P, Ca and Mg concentrations (Myburgh 
& Howell, 2014a). Wine quality was also not affected. It 
should be noted that in this particular trial, only pearl millet 
was investigated as a potential catch crop to intercept the 
salts applied via irrigation with diluted winery wastewater. 
For maximum phyto-extraction potential to be obtained, 
pearl millet should be sown in a vineyard as a catch crop in 
early January to reach the two to six leaf stages when winery 
wastewater would be applied and to ensure that it does not 
complete its life cycle too early (Fourie et al., 2015). Millet 
is generally considered as fairly tolerant to salinity, could 
be an alternative crop option for salt affected areas and has 
been found to be a suitable crop to grow while salt leaching 
is occurring (Oleiwi et al., 2015).
Sorghum bicolor (L.) Moench (Barsweet sorghum)
Sorghum is the fifth most important cereal crop in the world 
after rice, wheat, corn and barley (Wiersema & Dahlberg, 
2007). In addition to its use for syrup production in America, it 
also has the potential of being a viable bio-ethanol feedstock. 
The morphological characteristics of the species make it 
one of the currently cultivated cereals with the best drought 
tolerance (Ramatoulaye et al., 2016). Sweet sorghum grows 
well in a variety of climates, including those where the soil 
is of a poor quality. However, cultivation peaks in the semi-
arid tropics, where poor soils, low and variable rainfall and 
economic constraints dominate. 
Nutrient removal rates of barsweet sorghum remains 
scant. Ketterings et al. (2006) reported on the nutrient uptake 
of Brown Midrib Sorghum Sudan grass and the relationship 
between dry matter production (DMP) and nutrient removal 
rates. The study revealed that 80-95% of K removal was 
attributed to the DMP, implying that DMP can be used as 
an indicator for nutrient removal. The observed increase in 
DMP was positively correlated with nutrient removal for 
sorghum. The crop removed substantial amounts of P and 
K in manured sites suggesting that it could be used as an 
effective accumulator of excess nutrients, common in winery 
wastewater.
Eragrostis teff (Zucc.) Trotter (Teff)
Teff is a self-pollinating, gluten-free cereal, indigenous 
to Ethiopia where approximately 14 million ha produces 
around 0.9 million tons of grain. Teff is a highly palatable 
and nutritious fine stemmed hay which can be cultivated as a 
forage crop for both cattle and horses (Davison et al., 2011). 
As such, in South Africa, it has been exclusively produced 
for hay (Kassier, 2002). More recently, dairy farmers have 
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started using it as a grazing pasture for the late summer and 
early autumn period. Teff is a viable drought tolerant forage 
crop and can be cultivated in areas with varying climatic 
conditions (Seyfu, 1993; Davison et al., 2011). However, it 
performs better in warmer climates with maximum growth 
experienced during hot days and warm nights, and has 
a relatively short growth period of 40 to 60 days during 
summer. Compared to other cereals, teff is more tolerant of 
extreme environmental conditions especially waterlogging 
and is unique in its ability to grow and produce a yield 
on poorly drained soils which most cereals can’t tolerate 
(Assefa et al., 2011; Assefa et al., 2015). As a fodder crop, 
it fills a niche for producers seeking an annual summer crop 
with a short growing time (Stallknecht et al., 1993; Davison 
et al., 2011).
Research has indicated that various factors contribute to 
successful yield of teff, and these include, but are not limited 
to: irrigation levels, fertilizer application and the variety 
(Kebede, 2012). A study of 15 lowland Teff genotypes (10 
accessions & five varieties) grown at different NaCl sodicity 
levels showed that a salinity level of 2  dS/m enhanced 
growth with respect to the above-ground dry weight per 
plant, root dry weight per plant and total dry weight per 
plant in some accessions and varieties when compared to the 
control (Asfaw & Dano, 2011). However, at 16 dS/m, which 
was the highest level of salinity tested, all accessions and 
varieties were negatively affected, with the varieties being 
more salt sensitive than the accessions.
Perennial grasses
Eragrostis curvula (Weeping lovegrass)
Weeping lovegrass is mainly used for pastures or hay (FAO, 
2011), but is also used in leys with alfalfa crops, in drier 
farming areas, and as a cover crop to protect soil from erosion 
(Cook et al., 2005). Weeping lovegrass is well adapted to a 
variety of soil and climatic conditions. This species survives 
receiving as little as 450 mm of rain annually, however it is 
mainly grown in regions receiving 650 mm rainfall or higher 
annually (Cook et al., 2005). Although it is adapted to low pH 
soils, soil pH of 6 to 7 is more ideal, and this can be achieved 
through lime application with P at 15-20 mg/kg prior to 
establishment, while soil K should remain between 100 and 
150 mg/kg (Cook et al., 2005). Yields of 4-13 t/ha can be 
expected if regular irrigation is applied or rainfall occurs. 
Weeping lovegrass is one of the highest producing grasses in 
the summer rainfall areas of temperate and cool subtropical 
areas of South Africa (Strickland, 1973). Squires and Myers 
(1970) reported superior DMP for animal production when 
compared to other perennial grasses. There were high levels 
of Na accumulation by E. curvula when it was irrigated with 
sodium sulphate rich mine effluent (Beletse, 2004). Due to 
the plant’s ability to absorb substantial amounts of Na from 
the soil, it may have potential to be considered as a catch 
crop for the removal of excess Na from soils irrigated with 
winery wastewater. 
Vetiveria zizanioides (Vetiver grass)
Vetiver grass, which is the foundation of the Vetiver System 
(VS) (Truong et al., 2002; Truong et al., 2003), was first 
developed for the conservation of soil and water in India in 
the 1980s by the World Bank. It has unique morphological, 
physiological and ecological characteristics which have 
allowed this perennial grass to adapt to a wide range of 
climatic and soil conditions, as well as salt affected land 
(Truong et al., 2002; Danh et al., 2009). Morphological 
characteristics, such as a strong and extensive root system 
(descending approximately 2-3 m in the first year), provide 
the plant with a great tolerance to drought and allows for 
infiltration of soil water. Under certain Australian conditions, 
vetiver grass displayed tolerance to high soil salinity and 
compared favourably with some of the most robust salt 
tolerant crop and fodder species (Truong et al., 2002). In 
a study where growth yield of ten perennial grasses were 
compared, vetiver grass produced the third highest dry 
leaf weight and dry stem weight, under rain fed conditions 
(Anwar et al., 1996). Zingelwa and Wooldridge (2010) 
reported no visible signs of physiological stress at Na 
concentrations ranging between 0 and 400 µM Na per L at 
20000 mg/L COD. As vetiver grass displays tolerance to 
saline environments and elevated Na according to Truong 
(1994), it is a promising catch crop for the removal of excess 
nutrients. It can also be used as a fodder crop for livestock, 
as it is highly digestible and palatable to horses, dairy cows, 
cattle, buffalo, rabbit, goats and sheep (Truong et al., 2002).
Anthephora pubescens (Bottlebrush grass)
Bottlebrush grass is a tufted grass which has a single ear 
inflorescence on the tillers, which can grow between 400 and 
1 200 mm long (Strohbach, 2000; DAFF, 2012). This species 
is found throughout South Africa on sandy soils and may be 
found on soils with high clay content. Optimum production 
is achieved at a neutral pH of 6.5. Bottlebrush grass is found 
naturally in arid areas and regions experiencing rainfall 
between 250 and 650 mm annually. Bottlebrush grass can 
be grown in soils with a low P content as it is adapted to 
low P soils. However, it is recommended that 150-200 kg/
ha of superphosphate be applied prior to establishment for 
increased yields and a soil P content of no less than 12 mg/
kg be maintained (Grain SA, 2014). Due to its palatability, 
it may be used for both summer and winter grazing and has 
proved successful as a forage crop in the Northern Cape.
Annual broadleaf crops
Raphanus sativus (Fodder radish)
Fodder radish is often used as a cover crop because it 
contributes to the maintenance of cropland soil fertility and 
productivity by alleviating soil compaction, reducing NO3 
leaching, suppressing weeds and controlling erosion. Fodder 
radish as forage is high yielding, producing high quality and 
easily digestible fodder material (Ngouajio & Mutch, 2004). 
Fodder radish is unique in that it has a relatively high tissue 
P concentration. It rapidly produces dry matter followed 
by swift decomposition (White & Weil, 2011). Fodder 
radish can be identified by its large fleshy taproot, which is 
approximately 3-6 cm in diameter and 15-30 cm in length. 
During winter, the taproot decomposes leaving distinct holes 
approximately 3-6 cm in diameter and 5-10 cm deep in the 
soil surface, which may may promote water infiltration and 
reduce run-off (White & Weil, 2011). Additionally, this 
deep rooting system aids in addressing an array of cropland 
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concerns, inter alia; soil compaction as the thick taproot 
is capable of penetrating compacted soil layers (Williams 
& Weil, 2004). Since fodder radish develops a deep root 
system, it depletes N from deeper soil layers (Kristensen & 
Thorup-Kristensen, 2004; Sapkota et al., 2011). The N is 
released into the soil when the plant decomposes (Kristensen 
& Thorup-Kristensen, 2004). According to Glabb and 
Kullkig (2008), fodder radish is widely used as a catch crop. 
This Brassicaceae species plays an important role in limiting 
N leaching losses in the 0-90 cm soil layer and also increases 
organic C content. 
 
Fodder beets are members of the amaranth and goosefoot 
family (Amaranthaceae), whereas radishes are members of 
the brassica family. Recently, research showed that potted 
fodder beet grown during summer in sandy soil absorbed 38% 
of Na applied via Na-enriched irrigation water (Myburgh & 
Howell, 2014b). The concentration of Na applied was equal 
to that of the Na concentration in the irrigation water of the 
3000 mg/L COD treatment in a field trial. Furthermore, the 
fodder beet reduced Kex by 50%, indicating that it could also 
absorb K applied via winery wastewater. Taking the above-
mentioned into consideration, the use of fodder radish and 
beet as catch crops where excess Na is applied via wastewater 
application could be viable.
Perennial broadleaf
Cichorium intybus (Chicory-commander) 
Chicory is a perennial, blue-flowered plant of the Asteraceae 
family, with large, fleshy taproots (Philips, 2017). It is a 
warm season herbaceous plant with an upright and spreading 
vine type architecture (Anon, 2015). “Commander”, which is 
a forage type, is a winter active chicory, providing great year 
round growth, improved root rot resistance and excellent 
grazing (Anon, 2017). Chicory is a persistent leafy herb, 
lasting 2-3 years with a large tap root. It performs best in 
fertile, free draining soils in regions where the annual rainfall 
is higher than 550 mm. The crop has a high N requirements 
and prefers soil pH above 5.5 (Kammermeyer, 2016). 
Farmers achieve average yields of 30-40 t/ha, but ideally 
should be producing close to 70 t/ha (Philips, 2017 and 
references therein). Forage chicory is a potentially valuable 
pasture component because it is a drought-tolerant, high 
yielding plant that can improve seasonal distribution of high 
quality herbage (Ditsch & Sears, 2007; Perks, 2011). It is 
highly recommended to be planted in a lucerne or legume 
mixture. Chicory is known to contain protein levels ranging 
between 10 and 32% depending on the maturity of the plant, 
with the digestibility of chicory leaves ranging from 90-95% 
(Moraru et al., 2012). Chicory contains essential minerals 
such as K, Ca, Mg, S, Zn and Na, which are required for 
adequate nutrition by animals (David & Sears, 2007). 
Chicory fodder is rich in mineral elements, particularly P, 
K, Ca, Cu, B, and Zn compared to Medicago sativa (alfalfa 
or lucerne), Trifolium (white clover) and Dactylis glomerata 
(cock’s foot) (Moraru et al., 2012).
Chicory accumulated and removed higher concentra-
tions of K and N than Zea mays (maize) and Brassica rapa 
(turnip) in a study conducted by Perks (2011), where it was 
reported that the chicory removed up to 530 kg/ha K and 365 
kg/ha N. Considering the substantial amounts of elements 
that chicory can remove and redistribute, the species may 
hold potential to be used as a catch crop where there is ir-
rigation with winery wastewater in vineyards or open land.
Annual legumes
Vigna unguiculata (Cowpea)
Cowpea is an annual legume largely produced by small scale 
farmers under dry land agricultural conditions (Agyeman 
et al.,  2014). The species has many uses, with the seeds, 
young leaves and pods all being considered important, 
depending on its intended use. Cowpea is grown directly 
from seed in well-drained soil and may be intercropped 
with cereals such as pearl millet and sorghum (DAFF, 
2011). It grows best during summer, has an affinity for 
high temperatures and displays drought tolerant properties 
due to its ability to utilize soil water efficiently (Agyeman 
et al., 2014). The crop is adaptable to a wide range of soils, 
however, sandy soils are preferred as this soil type is less 
restrictive on the root growth and development. Cowpea 
thrives in well-drained soils, with a pH ranging from 5.6-6.0 
and can grow under rainfall ranging from 400-750 mm per 
annum (DAFF, 2011).
Cowpea is often employed in agricultural systems 
because it fixes atmospheric N and can be grown in N-poor 
soils without additional fertilizer application (Bationo et al., 
2002). Harvesting of the crop is dependent on when maturity 
is reached. Grain types have a short growth duration (< 100 
days), whereas those grown for forage usually have longer 
growth time, usually > 120 days. The crop may be harvested 
by hand or a harvester and can be used as both vegetable and 
grain. It is considered a dual purpose crop as the green pods 
are used as vegetable and the remaining crop as livestock 
fodder. Local farmers supplement 25% of their annual 
income through the sale of cowpea fodder during the dry 
seasons. In terms of their cultivation, cowpea should be kept 
free of weeds during the early stages of growth and pests 
duly monitored, as insect pests are the major limiting factor 
in cowpea production (DAFF, 2011).
A pot experiment conducted by Silva et al. (2003) 
investigated the physiological response of cowpea to 
NaCl stress. In this particular study, responses of cowpea 
in nutrient solution was compared to cowpea in either (i) 
nutrient solution containing 75 mmol/L NaCl, (ii) nutrient 
solution containing mmol/L NaCl and 5 mmol/L CaCl2 
or (iii) nutrient solution containing 75 mmol/L NaCl and 
10 mmol/L CaCl2. There was a 38% decrease in DMP in 
response to salinity. Sodium and chloride (Cl) accumulation 
observed in the roots, stems, petioles and leaves was a result 
of the accumulated total inorganic solutes. In response 
to the NaCl stress, a 930% and 196% increase in root Na 
and Cl was observed, respectively, with increases in stem 
Na (880%), Cl (576%) and P (25%) and a 19% decrease in 
K. Given the substantial accumulation of Na in the roots 
and stems, cowpeas in a catch crop/cover crop system in a 
vineyard could potentially reduce the accumulation of Na 
added via irrigation with winery water. This species is also 
ideal for intercropping with cereals such as pearl millet and 
sorghum which require additional N inputs (Bationo et al., 
2002; Medupe, 2010).
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Dolichos lablab (Dolichos bean)
Dolichos bean is a summer growing annual or short-lived 
perennial fodder legume (Murphy & Colucci, 1999). 
It is used as a cover crop to improve soil fertility, and in 
the management of pests and diseases as it has shown to 
be resistant to most diseases and insects with only a few 
pests and diseases causing serious concern. Dolichos bean 
is adapted to a wide range of environmental and climatic 
conditions. It is drought tolerant and requires rainfall/
irrigation ranging from 10-20 mm for seed germination. This 
legume fodder crop does well in a range of soil types from 
sandy soil to heavy black clays. However, it does not tolerate 
water-logged soils and displays a pH tolerance of 5 to 7.5.
Dolichos bean is a forage legume and is used as feed for 
cattle, as it is highly palatable with a high protein content. 
The leaves of lablab contain 15-30% protein, has high levels 
of lysine with 55% digestibility making it an ideal feed for 
cattle, either grazed or dried and fed as hay (Shehu et al., 
2001). Additionally, the protein is promptly degraded by the 
ruminant’s gut, which aids in meeting the N requirements for 
microbial degradation of mediocre or low quality feed fibres 
(Shehu et al., 2001). The species has excellent biological 
N-fixing abilities and was shown to fix atmospheric N to the 
extent of 120-200 kg/ha N under certain soil and climatic 
conditions (Valenzuela & Smith, 2002).
CONCLUSIONS
Due to the current water scarcity in South Africa, using 
winery wastewater for irrigation of vineyards could be 
economically viable to producers and wineries. Irrigation 
with winery wastewater, which is rich in nutrients, can be 
beneficial to soil fertility as an alternative to conventional 
fertilizers. However, using winery wastewater for irrigation 
could have negative effects on the environment because of 
its high levels of K and Na. Therefore, catch crops such as 
fodder producing annuals and perennials could be beneficial 
in vineyards and/or on open land to mitigate the negative 
effects of the wastewater. A selection of crops with nutrient 
interception abilities, preferably for salts, may be ideal for 
the removal of excess nutrients from the soil whilst reducing 
leaching and excess run off. The use of perennial grasses, 
annual winter growing grains and winter growing broadleaf 
N-fixing annuals as winter cover crops in the South African 
wine industry has been extensively documented but their 
use as summer catch crops intercepting elements applied 
via wastewater irrigation has not yet been well researched. 
Therefore, different summer catch crops and winter cover 
crop combinations are currently being evaluated in a 
vineyard as well as on open land to determine which would 
be best at intercepting K, Na and other nutrients applied via 
winery wastewater irrigation.
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